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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical 
waveguide type filter excellent in a cutoff 
characteristic, allowing dissolution of ripple. 
SOLUTION: In this optical waveguide type filter 10, a 
grating 12 is formed in an optical fiber 1 1 that is an 
optical waveguide. The optical fiber 1 1 is basically made 

of silica glass, and has a high-refractive index core area to+w^+zpkttfo 10 
1 3 added with Ge02 and a low-refractive index clad _ </ 

area 14 surrounding the core area 13. The grating 12 is — — 

formed in the core area 1 3. The normal direction to a: 



t 1 — S r 



grating stripes of the grating 12 is inclined by an angle 0 yi 13 « 12 

to the optical axis of the optical fiber 1 1. A grating 
stripe interval of the grating 12 varies in the longitudinal 
direction of the optical fiber 1 1. 
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* NOTICES * 

JPO and NCI PI are not re^BPTsible for any 

damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical fiber amplifier which performs gain 
identification using the optical waveguide mold filter which intercepts this propagating mode 
light, and this optical waveguide mold filter by combining the propagating mode light of 
predetermined wavelength with reflective leaky mode light by the diffraction grating formed in 
optical waveguide. 
[0002] 

[Description of the Prior Art] A diffraction grating is formed in optical waveguides, such as an 
optical fiber, and an optical waveguide mold filter combines the propagating mode light of 
predetermined wavelength according to the lattice spacing of the diffraction grating with leaky 
mode light, and acts as an optical filter which intercepts this propagating mode light by this. 
This optical waveguide mold filter is used also as a gain identification means in optical fiber 
amplifier. 

[0003] For example, the principle of operation and the example of production of the optical 
waveguide mold filter with which the diffraction grating of the long period whose lattice spacing 
is hundreds of micrometers was formed are indicated by reference 1 "A.M.Vengsarkar, et al., 
J.of Lightwave Tech., Vol.14 t No.1, and pp.58-64" (1996). The optical waveguide mold filter of 
this long period is beta f-beta b=2 pi/lambda, when the lattice spacing of a diffraction grating is 
set to lambda, the propagation constant of advance propagating mode light is set to betaf and 
the propagation constant of advance leaky mode light is set to betab. The propagating mode 
light of wavelength which fulfills the phase matching conditions expressed with the formula (1) - 
-1 Becoming is intercepted. 

[0004] Moreover, the technique of realizing gain identification in optical fiber amplifier using the 
optical waveguide mold filter (henceforth an "inclination mold optical waveguide mold filter") 
with which the perpendicular direction to the plaid of a diffraction grating inclines to the optical 
axis of optical waveguide in reference 2 "R.Kashyap, et al., Electron. Lett, Vol29, No.2, and 
pp.1 54-1 56" (1993) is indicated. Moreover, verification by the theoretical examination and the 
theoretical experiment about the property of this inclination mold optical waveguide mold filter 
is indicated by reference 3 "T.Erdogan, et al., Opt.Lett., Vol.20, No.18, and pp.1 838- 
1839" (1995). The diffraction grating of the short period whose lattice spacing is a sub mum - 
number mum grade is formed, and by this diffraction grating, such an inclination mold optical 
waveguide mold filter combines the advance propagating mode light of predetermined 
wavelength with go-astern leaky mode light, and is intercepted. 
[0005] 

[Problem(s) to be Solved by the Invention] The optical waveguide mold filter which a diffraction 
grating is formed in such optical waveguide, and intercepts the propagating mode light of 
predetermined wavelength is excellent in affinity with an optical fiber as compared with other 
optical filters, such as an etalon in which the same function is shown, and has the advantage in 
which an insertion loss is low. However, the optical waveguide mold filter has a trouble which is 
described below. 

[0006] As for the optical waveguide mold filter with which the diffraction grating of a long period 
which was indicated by reference 1 was formed, the barrier property is changed depending on 
temperature. That is, if temperature is changed, the value of the lattice spacing in the phase 
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matching conditions expressed with the above-mentioned (1) formula or a propagation constant 
is changed, it will be ba^^pn this and the main wavelength of the Q|opagating mode light 
intercepted with an optWrwaveguide mold filter will be changed, 

[0007] Moreover, although an inclination mold optical waveguide m^^ilter which was indicated 
by reference 2 and reference 3 has the advantage in which the temperature dependence of the 
barrier property is small, the ripple of a detailed cutoff peak arises around [ to which the rate of 
cutoff serves as max ] cutoff wave length, and its barrier property is bad. That is, by producing 
not only association to go-astern leaky mode light from advance propagating mode light but 
association to advance propagating mode light from go-astern leaky mode light, Fabry-Perot 
resonance is carried out, it is based on this, and the ripple of a detailed cutoff peak arises. By 
immersing an optical waveguide mold filter in matching oil, or covering the perimeter of an 
optical waveguide mold filter with an index matching polymer, go-astern leaky mode light can be 
emitted to the exterior of optical waveguide, and it is theoretically possible to remove this 
ripple. However, it is difficult to remove a ripple from highly precise index matching being 
required completely. 

[0008] This invention is made in order to cancel the above-mentioned trouble, and it aims at 
offering the optical fiber amplifier which performs gain identification using the optical waveguide 
mold filter in which the ripple was canceled and the barrier property was excellent, and this 
optical waveguide mold filter. 
[0009] 

[Means for Solving the Problem] The 1st optical waveguide mold filter concerning this invention 
is an optical waveguide mold filter which intercepts this propagating mode light by combining the 
propagating mode light of predetermined wavelength with reflective leaky mode light by the 
diffraction grating formed in optical waveguide, and it is formed in a part of optical propagation 
field at least, the perpendicular direction to the plaid of a diffraction grating of optical 
waveguide inclines [ a diffraction grating ] to the optical axis of optical waveguide, and it is 
characterized by for the lattice spacing of a diffraction grating to change to the longitudinal 
direction of optical waveguide. This 1st optical waveguide mold filter is changed into reflective 
leaky mode light in the diffraction grating toward which the perpendicular direction [ as opposed 
to / to the optical axis of optical waveguide / plaid in a part of propagating mode light of the 
predetermined wavelength which has spread the core region of optical waveguide ] inclines. 
Even if it may reflect in the periphery interface of a clad field and this reflective leaky mode 
light may return to a diffraction grating, since the lattice spacing of a diffraction grating is 
changing to the longitudinal direction of optical waveguide, it is not again changed into 
propagating mode light. That is, Fabry-Perot resonance is not carried out, the ripple in a 
transparency spectrum becomes small, it will become smooth, and a barrier property is 
excellent. 

[0010] The 2nd optical waveguide mold filter concerning this invention is an optical waveguide 
mold filter which intercepts this propagating mode light by combining the propagating mode light 
of predetermined wavelength with reflective leaky mode light by the diffraction grating formed in 
optical waveguide. It is formed in a part of optical propagation field at least, and the 
perpendicular direction to the plaid of a diffraction grating of optical waveguide inclines [ a 
diffraction grating ] to the optical axis of optical waveguide. The lattice spacing of a diffraction 
grating changes to the longitudinal direction of optical waveguide, and it is characterized by the 
rate of change of the lattice spacing being 0.05-3.0nm/mm. When the rate of change of the 
lattice spacing of a diffraction grating is 0.05-3.0nm/mm, while the ripple in a transparency 
spectrum is fully canceled, as for this 2nd optical waveguide mold filter, the amount of cutoff in 
predetermined wavelength becomes large, in addition, the rate of change of a lattice spacing — 
the unit length (mm) of the longitudinal direction of optical waveguide — per — it is the rate of 
change (nm) of the lattice spacing of a diffraction grating. 

[001 1] The 3rd optical waveguide mold filter concerning this invention is an optical waveguide 
mold filter which intercepts this propagating mode light by combining the propagating mode light 
of predetermined wavelength with reflective leaky mode light by the diffraction grating formed in 
optical waveguide. It is formed in a part of optical propagation field at least, the perpendicular 
direction to the plaid of a diffraction grating of optical waveguide inclines [ a diffraction grating ] 
to the optical axis of optical waveguide, the lattice spacing of a diffraction grating changes to 
the longitudinal direction of optical waveguide, and it is characterized by covering the perimeter 
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of optical waveguide by index matching material. By covering the perimeter of optical waveguide 
by index-matching mat^M, this 3rd optical waveguide mold filter ijysuitable in respect of fiber 
reinforcement, and the^Bple in a transparency spectrum is cance^^Burther and it will become 
smooth. 

[0012] The 4th optical waveguide mold filter concerning this invention is characterized by the 
rate of change of a lattice spacing being 0.05-3.0nm/mm in the optical waveguide mold filter of 
the above 3rd. While the ripple in a transparency spectrum is fully canceled, the amount of 
cutoff in predetermined wavelength becomes large. 

[0013] the 5th optical waveguide mold filter concerning this invention — above-mentioned the 
1- it is characterized by coming to carry out cascade connection of any or the two or more 
things among the 4th optical waveguide mold filter. According to this 5th optical waveguide mold 
filter, operation and the effectiveness, and the same operation and effectiveness as 
abbreviation that the optical waveguide mold filter of the above 1st does so are done so, and 
also a desired transparency spectrum is obtained. 

[0014] The optical fiber amplifier concerning this invention is (1). The optical fiber for 
magnification which carries out optical amplification of the signal light inputted when rare earth 
elements were added and excitation light was supplied, and outputs it, (2) — an excitation 
means to supply excitation light to the optical fiber for magnification, and (3) above-mentioned 
the 1- which cascade connection is carried out to the optical fiber for magnification, and 
equalizes the gain of the optical amplification to the signal light in the optical fiber for 
magnification — it is characterized by having any they are among the 5th optical waveguide 
mold filter. If excitation light is supplied to the optical fiber for magnification by the excitation 
means according to this optical fiber amplifier, optical amplification of the inputted signal light 
will be carried out with the optical fiber for magnification, and gain identification will be carried 
out with an optical waveguide mold filter, and it will be outputted. 
[0015] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained 
to a detail with reference to an accompanying drawing. In addition, in explanation of a drawing, 
the same sign is given to the same element, and the overlapping explanation is omitted. 
[0016] First, the 1st operation gestalt of the optical waveguide mold filter concerning this 
invention is explained. Drawin g 1 is the explanatory view of the optical waveguide mold filter 10 
concerning the 1st operation gestalt. A diffraction grating 12 is formed in the optical fiber 1 1 
whose optical waveguide mold filter 10 concerning this operation gestalt is optical waveguide. 
An optical fiber 1 1 has the core region 13 of a high refractive index by which Ge02 was added, 
and the clad field 14 of a low refractive index which encloses this core region 13 by using silica 
glass as the base. The diffraction grating 12 is formed in the core region 13. As for the 
perpendicular direction to the plaid of a diffraction grating 12, only the include angle theta 
inclines to the optical axis of an optical fiber 11. The lattice spacing of a diffraction grating 12 is 
changing to the longitudinal direction of an optical fiber 1 1. 

[0017] With this optical waveguide mold filter 10, a part of propagating mode light of the 
predetermined wavelength which has spread the core region 13 of an optical fiber 1 1 is changed 
into leaky mode light in the diffraction grating 12 toward which the perpendicular direction to 
plaid inclines only in the include angle theta to the optical axis of an optical fiber 11. Although it 
may reflect in the periphery interface of the clad field 14 and this leaky mode light may return 
to a diffraction grating 12, since the lattice spacing of a diffraction grating 12 is changing to the 
longitudinal direction of an optical fiber 1 1, it is not again changed into propagating mode light. 
That is, Fabry-Perot resonance is not carried out. 

[0018] Thus, the optical waveguide mold filter 10 constituted becomes that in which the ripple 
was removed and the barrier property was excellent. It is suitable for especially the rate of 
change of the lattice spacing of this diffraction grating 12 that it is 0.05-3.0nm/mm. Moreover, 
it is also still more suitable that the perimeter of an optical fiber 1 1 is covered by index 
matching material when removing a ripple. This index-matching material is for example, 
matching oil, a polymer, etc. 

[0019] That in which a difference with the refractive index of the outermost layer of the clad 
field 14 has **1% or less of refractive index is suitable for an index matching agent. That is, 
when the difference between the refractive index of the clad field 14 exterior and the refractive 
index of the clad field 14 is large, in the interface, the Fresnel reflection resulting from a 
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refractive index exists. As for an optical fiber 1 1 , a Fresnel reflection side will exist in axial 
symmetry focusing on ^^hp region 13. In such a case, clad mode rggnds in the clad field 14 as 
well as a core region I^^Bnis clad mode turns into the discrete m<^^ftccording to the 

boundary condition of the inside of the clad field 14 / outside. Assoraition from the core 
propagation light to such the discrete mode becomes the mold by which becomes 
discontinuous, therefore the ripple was located on the loss spectrum to wavelength. On the 
other hand, when the difference between the refractive index of the clad field 14 exterior and 
the refractive index of the clad field 14 is small, the above-mentioned Fresnel reflection 
becomes small enough, therefore clad mode also becomes less discrete, and becomes 
continuous, therefore a ripple is lost, and a continuous spectrum is obtained. Then, since this 
ripple is fully reduced and it is referred to as 0.3dB or less, the refractive index in the light field 
of a wrap index matching agent should make the perimeter of the clad field 14 1.459-1.471, and 
it is suitable that a difference with the refractive index of the outermost layer of this to the 
clad field 14 is **1% or less. 

[0020] Drawing 2 is the explanatory view of the production approach of the optical waveguide 
mold filter 10 concerning the 1st operation gestalt. The production approach shown in this 
drawing uses the phase grating plate 30. Ultraviolet radiation is irradiated by the optical fiber 1 1 
through the phase grating plate 30. At this time, the perpendicular direction to the plaid of the 
phase grating plate 30 inclines to the optical axis of an optical fiber 1 1. Moreover, the lattice 
spacing of the phase grating plate 30 is changing in the above-mentioned normal direction. 
When the primary [ **] diffracted light produced with the phase grating plate 30 interferes 
mutually, intensity modulation of the ultraviolet radiation irradiated by this optical fiber 1 1 is 
carried out spatially. And induction of the refractive-index change according to the power of 
the irradiated ultraviolet radiation is carried out to the core region 1 3 by which Ge02 was 
added, and a diffraction grating 12 is formed in it. Moreover, the optical waveguide mold filter 10 
concerning this operation gestalt is also producible double beam interferometry, i.e., by making 
the dichotomous ultraviolet radiation cross with an optical fiber 11, and making it interfere 
mutually at a predetermined include angle. 

[0021] Next, the 2nd operation gestalt of the optical waveguide mold filter concerning this 
invention is explained. Drawing 3 is the explanatory view of the optical waveguide mold filter 20 
concerning the 2nd operation gestalt. A diffraction grating 22 is formed in the optical fiber 21 
whose optical waveguide mold filter 20 concerning this operation gestalt is optical waveguide. 
By using silica glass as the base, an optical fiber 21 encloses the core region 23 of a high 
refractive index by which Ge02 was added, germanium addition clad field 24A which encloses 
this core region 23 and by which Ge02 was added, and germanium addition clad field 24A, and 
has germanium non-adding clad field 24B of a low refractive index by which Ge02 is not added. 
The diffraction grating 22 is continued and formed in the field of the both sides of a core region 
23 and germanium addition clad field 24A. If the path of germanium addition clad field 24A has 
the evanescent wave of the propagating mode light which spreads a core region 23 to the field 
which exists substantially, it will be enough, for example, will be about several times the outer 
diameter of a core region 23. And as for the perpendicular direction to the plaid of a diffraction 
grating 22, only the include angle theta inclines to the optical axis of an optical fiber 21. The 
lattice spacing of a diffraction grating 22 is changing to the longitudinal direction of an optical 
fiber 21. 

[0022] With this optical waveguide mold filter 20, a part of propagating mode light of the 
predetermined wavelength which has spread the core region 23 of an optical fiber 21 is changed 
into leaky mode light in the diffraction grating 22 toward which the perpendicular direction to 
plaid inclines only in the include angle theta to the optical axis of an optical fiber 21. Although it 
may reflect in the periphery interface of germanium non-adding clad field 24B and this leaky 
mode light may return to a diffraction grating 22, since the lattice spacing of a diffraction 
grating 22 is changing to the longitudinal direction of an optical fiber 21, it is not again changed 
into propagating mode light. That is, Fabry-Perot resonance is not carried out. 
[0023] Thus, the optical waveguide mold filter 20 constituted also becomes that in which the 
ripple was removed and the barrier property was excellent. Especially, with this operation 
gestalt, by forming the diffraction grating 22 not only in the core region 23 of an optical fiber 21 
but in germanium addition clad field 24A, the effectiveness from which the propagating mode 
light of predetermined wavelength is changed into leaky mode light becomes large, and the rate 
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of cutoff in the predetermined wavelength becomes large. Moreover, it is suitable for the rate of 
change of the lattice sntfhjg of this diffraction grating 22 that it is fr05-3.0nm/mm. Moreover, 
it is also still more suitl^^that the perimeter of an optical fiber 2^^30vered by index 
matching material when removing a ripple. 

[0024] Next, five examples of the optical waveguide mold filter 20 concerning the operation 
gestalt of the above 2nd are explained with two examples of a comparison. 
[0025] It was the single mode optical fiber by which, as for the optical fiber used in the 1st 
example of a comparison, Ge02 was added by only the core region, and the relative index 
difference of the core region to a clad field was 0.35%, and the path of a core region was 4 
micrometers, moreover, the optical fiber used in the 2nd example of a comparison, and each the 
1st - 5th example — a core region 23 and germanium addition clad field 24A — it was the 
single mode optical fiber which is boiled, respectively and by which Ge02 was added, and the 
relative index difference of the core region 22 to germanium non-adding clad field 24B was 
0.35%, the path of a core region 23 was 4 micrometers, and the path of germanium addition clad 
field 24A was 3 times the path of a core region 22. 

[0026] Hydrogen processing was performed for two weeks under the 200 atmospheric-pressure 
hydrogen ambient atmosphere, covering of a part of longitudinal . direction was removed after 
that, the diffraction grating was formed by the phase grating method, and each optical fiber was 
re-covered with the index matching polymer. On the occasion of formation of the diffraction 
grating by the phase grating method, the laser beam with a wavelength of 248nm outputted from 
the excimer laser was used as ultraviolet radiation which carries out induction of the refractive- 
index change, and set irradiation time as for 5 minutes at it. Only six include angles made the 
perpendicular direction to the plaid of a phase grating plate incline to the optical axis of an 
optical fiber, and, thereby, only six include angles made the perpendicular direction to the plaid 
of a diffraction grating incline to the optical axis of an optical fiber. The diffraction-grating 
length L was 5mm. 

[0027] In the 1st example of a comparison, and each 2nd example of a comparison, the lattice 
spacing was fixed spacing which is 537nm. In the 1st example, a lattice spacing changes 
continuously from 536.925nm to 537.075nm, and the rate of change of a lattice spacing was 
0.03nm/mm. In the 2nd example, a lattice spacing changes continuously from 536.875nm to 
537.1 25nm f and the rate of change of a lattice spacing was 0.05nm/mm. In the 3rd example, a 
lattice spacing changes continuously from 536.75nm to 537.25nm, and the rate of change of a 
lattice spacing was O.lnm/mm. In the 4th example, a lattice spacing changes continuously from 
536.5nm to 537.5nm, and the rate of change of a lattice spacing was 0.2nm/mm. Moreover, in 
the 5th example, a lattice spacing changes continuously from 535. Onm to 539.0nm, and the rate 
of change of a lattice spacing was 0.8nm/mm. 

[0028] Drawin g 4 is a graph which shows the transparency spectrum of the optical waveguide 
mold filter concerning the 1st example of a comparison, a reflectance spectrum, and the 
transparency spectrum after re-covering. Drawing 5 is a graph which shows the transparency 
spectrum of the optical waveguide mold filter concerning the 2nd example of a comparison, a 
reflectance spectrum, and the transparency spectrum after re-covering. Draw ing 6 is a graph 
which shows the transparency spectrum of the optical waveguide mold filter concerning the 1st 
example, a reflectance spectrum, and the transparency spectrum after re-covering. Drawing 7 
is a graph which shows the transparency spectrum of the optical waveguide mold filter 
concerning the 2nd example, a reflectance spectrum, and the transparency spectrum after re- 
covering. Drawing 8 is a graph which shows the transparency spectrum of the optical waveguide 
mold filter concerning the 3rd example, a reflectance spectrum, and the transparency spectrum 
after re-covering. Drawing 9 is a graph which shows the transparency spectrum of the optical 
waveguide mold filter concerning the 4th example, a reflectance spectrum, and the 
transparency spectrum after re-covering. Moreover, drawing 10 is a graph which shows the 
transparency spectrum of the optical waveguide mold filter concerning the 5th example, a 
reflectance spectrum, and the transparency spectrum after re-covering. In drawin g 4 - each 
drawing 10 , each drawing (a) shows the transparency spectrum before re-covering, each 
drawing (b) shows the reflectance spectrum before re-covering, and each drawing (c) shows the 
transparency spectrum after re-covering. 

[0029] The transparency spectrum before re-covering of the optical waveguide mold filter 
concerning each 1st and 2nd examples of a comparison ( drawing 4 (a), drawing 5 (a)) is the set 
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of many ripples, and each ripple serves as a sharp configuration so that these graphs may show. 
Moreover, although the^^sparency spectrum after re-covering ( r awing 4 (c), drawing 5 (c)) 
is that by which the traw^Rrency spectrum before re-covering wJ^^ualized, the ripple still 
remains. 

[0030] On the other hand, the ripple became small and, as for the transparency spectrum 
before re-covering of the optical waveguide mold filter concerning the 1st - each 5th example 
(each drawing of drawing 6 - drawing 10 (a)), the smooth thing was obtained. Moreover, the 
ripple was canceled further and the transparency spectrum after re-covering (each drawing of 
drawing 6 - drawing 10 (c)) became still more smooth. 

[0031] Moreover, with the optical waveguide mold filter concerning this example, if the variation 
or the rate of change of a lattice spacing is small, a ripple will remain in a transparency 
spectrum, so that it may turn out that drawing 6 - each drawing 10 are compared. In addition, 
the 1st example of the transparency spectrum after re-covering whose rate of change of a 
lattice spacing is 0.03nm/mm is not necessarily enough as the dissolution of a ripple ( drawing 6 
(c)). On the contrary, although the ripple of a transparency spectrum is canceled so that the 
variation or the rate of change of a lattice spacing is large, the amount of cutoff becomes small 
and a cutoff spectrum broadcloth-izes. This shows that there is range where the rate of change 
of a lattice spacing is suitable. As mentioned above, it turned out that the range where the rate 
of change of a lattice spacing is suitable is 0.05-3.0nm/mm. 

[0032] Moreover, as compared with what starts the 1st and 2nd examples of a comparison with 
the optical waveguide mold filter concerning this example, a reflection factor is small. Therefore, 
it is not necessary to add optical components, such as an optical isolator. Furthermore, with the 
optical waveguide mold filter concerning this example, a transparency spectrum does not 
change with the propagation directions of propagating mode light a lot. 

[0033] Next, the relation between whenever [ between the perpendicular direction to the plaid 
of a diffraction grating and the optical axis of an optical fiber / tilt-angle ], and a reflection 
property and a transparency property is explained. Drawing 1 1 is a graph which shows the 
relation between whenever [ tilt-angle ], a reflection property, and a transparency property. 
This drawing (b) shows the case where whenever [ tilt-angle ] is 6 times, this drawing (c) shows 
the case where whenever [ tilt-angle ] is 9 times, and this drawing (d) shows [ this drawing (a) 
shows the case where whenever / tilt-angle / is 3 times, ] the case where whenever [ tilt- 
angle ] is 1 1 degrees, and this drawing (e) shows the case where whenever [ tilt-angle ] is 12 
degrees. The diffraction-grating length L is 5mm, and, as for each of these, a lattice spacing 
changes continuously from 535nm to 539nm. As shown in this drawing, even if it is the same 
fiber, it is possible by adjusting whenever [ tilt-angle ] to adjust transparency spectral 
characteristics. 

[0034] Next, the operation gestalt of the optical fiber amplifier concerning this invention is 
explained. Drawing 12 is the outline block diagram of the optical fiber amplifier 1 concerning this 
operation gestalt. The optical fiber 43 for magnification, the optical coupler 44, and the optical 
waveguide mold filter 50 are formed between the incidence edge 41 and the outgoing radiation 
edge 42, and, as for the optical fiber amplifier 1, the excitation light source 46 is connected to 
the optical coupler 44 through the optical fiber 45. 

[0035] Er element whose optical fibers 43 for magnification are rare earth elements is added, 
and the excitation light (for example, wavelength of 0.98 micrometers) outputted from the 
excitation light source 46 is supplied through an optical fiber 45 and the optical coupler 44. And 
the optical fiber 43 for magnification carries out optical amplification of the signal light of the 
wavelength the band of 1.55 micrometers inputted into the incidence edge 41, and outputs it. 
The optical waveguide mold filter 50 by which cascade connection was carried out to the 
optical fiber 43 for magnification through the optical coupler 44 equalizes the gain of the optical 
amplification to the signal light in the optical fiber 43 for magnification, and outputs signal light 
to the outgoing radiation edge 42. The optical waveguide mold filter 50 may be applied to the 
1st or 2nd operation gestalt mentioned above, and cascade connection of two or more things 
may be carried out. 

[0036] Drawing 13 is the explanatory view of the optical waveguide mold filter 50 in the optical 
fiber amplifier 1 concerning this operation gestalt. This optical waveguide mold filter 50 is 
formed in the optical fiber 21 in the 2nd operation gestalt, and the same optical fiber 51, the die 
length of the phase grating plate 30 about the longitudinal direction of an optical fiber 51 is 
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25mm, and a lattice spacing changes continuously from 1.064 micrometers to 1.084 
micrometers. Moreove^kere are most exposures of the ultraviol et^ra diation which carries out\ 
induction of the refrac^^-index change in the field near 1.064 m^^neters of lattice spacings, 
and a degree has them in the field near 1.084 micrometers of latti^Kpacings, and there are in 
the field between these. [ few ] [ many ] 

[0037] Drawing 14 is a graph which shows the transparency spectrum of the optical waveguide 
mold filter 50, a reflectance spectrum, and the transparency spectrum after re-covering. This 
drawing (a) shows the transparency spectrum before re-covering, this drawing (b) shows the 
reflectance spectrum before re-covering, and this drawing (c) shows the transparency 
spectrum after re-covering. A ripple becomes small and the transparency spectrum before re- 
covering of the optical waveguide mold filter 50 ( drawing 14 (a)) has it so that this graph may 
show. [ smooth ] Moreover, a ripple is canceled further and the transparency spectrum after 
re-covering ( drawing 14 (c)) will become still more smooth. It is characteristic that there are 
two cutoff peaks by the transparency spectrum of this optical waveguide mold filter 50 
especially. 

[0038] Drawing 15 is a graph which shows the gain property of the optical fiber amplifier 1 
concerning this operation gestalt. In this drawing, a continuous line shows the gain property at 
the time of removing the optical waveguide mold diffraction grating 50, i.e., the gain property of 
the optical fiber 43 for magnification. Moreover, a broken line shows the gain property of the 
optical fiber amplifier 1 containing the optical waveguide mold diffraction grating 50. draw ing 14 
an d drawing 15 show — as — the gain property (continuous line in drawing 1 5 ) of the optical 
fiber 43 for magnification, and the transparency spectrum of the optical waveguide mold filter 
50 — mutual — abbreviation — it is a reverse property, therefore, the gain property (broken 
line in drawing 1 5 ) of the optical fiber amplifier 1 synthesizing the gain property of the optical 
fiber 43 for magnification, and the transparency spectrum of the optical waveguide mold filter 
50 — the bandwidth of about 20nm — continuing — abbreviation — it will become flat and 
good gain identification is made. 
[0039] 

[Effect of the Invention] As mentioned above, according to the optical waveguide mold filter 
concerning this invention, a part of propagating mode light of the predetermined wavelength 
which has spread the core region of optical waveguide is changed into reflective leaky mode 
light in the diffraction grating toward which the perpendicular direction to plaid inclines to the 
optical axis of optical waveguide as explained to the detail. Even if it may reflect in the 
periphery interface of a clad field and this reflective leaky mode light may return to a diffraction 
grating, since the lattice spacing of a diffraction grating is changing to the longitudinal direction 
of optical waveguide, it is not again changed into propagating mode light. That is, Fabry-Perot 
resonance is not carried out, the ripple in a transparency spectrum becomes small, it will 
become smooth, and a barrier property is excellent. Since the diffraction grating is formed not 
only in the core region of optical waveguide but in the clad field, the effectiveness from which 
the propagating mode light of predetermined wavelength is changed into leaky mode light 
becomes large, and the rate of cutoff in the predetermined wavelength becomes large. 
[0040] Moreover, according to the optical waveguide mold filter whose rate of change of the 
lattice spacing of a diffraction grating is 0.05-3.0nm/mm, while the ripple in a transparency 
spectrum is fully canceled, the amount of cutoff in predetermined wavelength becomes large. 
Moreover, according to the optical waveguide mold filter with which the perimeter of optical 
waveguide is covered by index matching material, it is canceled further and the ripple in a 
transparency spectrum will become smooth. Furthermore, according to the optical waveguide 
mold filter with which it comes to carry out cascade connection of any two or more things 
among these, a desired transparency spectrum is obtained. 

[0041] Moreover, according to the optical fiber amplifier concerning this invention, optical 
amplification of the inputted signal light is carried out with the optical fiber for magnification, 
and gain identification is carried out with the optical waveguide mold filter concerning this 
invention, and it is outputted. therefore, the gain property of this optical fiber amplifier — a 
broadband — continuing — abbreviation — it will become flat and good gain identification will 
be made. 
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* NOTICES * 



JPO and NCI PI are not i^PBnsibie for any 

damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the 
original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the explanatory view of the optical waveguide mold filter concerning the 1st 
operation gestalt. 

[Drawing 2] It is the explanatory view of the production approach of the optical waveguide mold 
filter concerning the 1 st operation gestalt. 

[Drawing 3] It is the explanatory view of the optical waveguide mold filter concerning the 2nd 
operation gestalt. 

[Drawing 4] It is the graph which shows the transparency spectrum of the optical waveguide 
mold filter concerning the 1st example of a comparison, a reflectance spectrum, and the 
transparency spectrum after re-covering. 

[Drawing 5] It is the graph which shows the transparency spectrum of the optical waveguide 
mold filter concerning the 2nd example of a comparison, a reflectance spectrum, and the 
transparency spectrum after re-covering. 

[Drawing 6] It is the graph which shows the transparency spectrum of the optical waveguide 
mold filter concerning the 1st example, a reflectance spectrum, and the transparency spectrum 
after re-covering. 

[Drawing 7] It is the graph which shows the transparency spectrum of the optical waveguide 
mold filter concerning the 2nd example, a reflectance spectrum, and the transparency spectrum 
after re-covering. 

[Drawing 8] It is the graph which shows the transparency spectrum of the optical waveguide 
mold filter concerning the 3rd example, a reflectance spectrum, and the transparency spectrum 
after re-covering. 

[Drawing 9] It is the graph which shows the transparency spectrum of the optical waveguide 
mold filter concerning the 4th example, a reflectance spectrum, and the transparency spectrum 
after re-covering. 

[Drawing 10] It is the graph which shows the transparency spectrum of the optical waveguide 
mold filter concerning the 5th example, a reflectance spectrum, and the transparency spectrum 
after re-covering. 

[Drawin g 1 1] It is the graph which shows the relation between whenever [ tilt-angle ], a 
reflection property, and a transparency property. 

[Drawing 12] It is the outline block diagram of the optical fiber amplifier concerning this 
operation gestalt. 

[Drawing 13] It is the explanatory view of the optical waveguide mold filter in the optical fiber 
amplifier concerning this operation gestalt. 

[Drawing 14] It is the graph which shows the transparency spectrum of the optical waveguide 
mold filter in the optical fiber amplifier concerning this operation gestalt, a reflectance 
spectrum, and the transparency spectrum after re-covering. 

[Drawing 1 5] It is the graph which shows the gain property of the optical fiber amplifier 
concerning this operation gestalt. 
[Description of Notations] 

10 — optical waveguide mold filter, 1 1 — optical fiber, and 12 — a diffraction grating, 13 — 
core region, 14 — clad field, and 20 — an optical waveguide mold filter, 21 — optical fiber, 22 - 
- diffraction grating, and 23 — a core region, 24 A — germanium addition clad field, 24 B — 
germanium non-adding clad field, 30 — phase grating plate, 41 — incidence edge, and 42 — an 
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outgoing radiation edge, the optical fiber for 43 — magnification, 44 — light coupler, and 45 — 
an optical fiber, 46 — ^p^ation light source, and 50 — optical w^^juide mold filter 
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* NOTICES * 

JPO and NCIPI are not i^^nsible for any 

damages caused by the use of this translation. 



LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 
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[Drawing 4] 
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[Drawing 6 ] 
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[ Drawing 9] 
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[Drawing 10] 
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